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A Stator Core 


The present invention relates to -stator cores and more 
particularly to stator cores used in electrical machines with 
electro-magnetic windings of a compact size. 

Inherently, heat is generated by losses in the windings 
and the stator core of an electrical machine such as a motor 
.or generator. These losses are due to electrical resistance 
in the armature windings and losses in the iron. These losses 
take the form of thermal energy. This thermal energy must be 
removed by thermal conduction out of. the stator core. An 
example of an electrical machine is a permanent magnet 
electrical machine which takes the form of a stator core held 
in a frame with inwardly " facing windings which interact in 
operation with a rotor core which normally carries permanent, 
magnets. Thus, with electrical current sequentially passed 
through the windings, the rotor can be driven and turned. 
Alternatively, if the rotor is driven by other means then 
electrical current is generated in the 'windings . 

Alternating magnetic flux in the core causes iron losses 
(eddy currents and hysteresis) which causes heating. Thus, 
the core is made from low-loss magnetic material such as 
silicon-iron, which reduces the eddy currents (due to low 
electrical conductivity) and also' reduces the hysteresis 
loss. Inevitably low electrical conductivity means low 

thermal conductivity which thus inhibits cooling. 

In small and medium-sized permanent magnet (PM) 
machines, cooling Is normally achieved by heat transfer at 
the airgap or at the - stator outside diameter (in some cases 
cooling ducts may also be used towards the outside . of the 
laminated stator core). Certain high power density machines" 
may instead have sleeved liquid cooling passages at the 


stator outer diameter (OD) or in the stator housing. 
Effective radial conduction of heat towards the stator outer 
diameter (OD) and towards the airgap is therefore essential. 

Figure 1 is a schematic illustration of a plan cross- 
section of a part of an electrical machine with a permanent 
magnet rotor. Figure 1 is provided simply" to illustrate 
positional relationships for better understanding of the 
present invention. Thus, the electrical machine 1 has a 
stator core 2 located within a stator housing 3. The rotor 4 
is located in the middle of the stator. The rotor 4 presents 
permanent magnets 5 to windings 6 and teeth 14 of the stator 
core 2. The windings 6 are located in stator slots 19 formed 
between the stator teeth 14 which protrude inwards from the 
core 2. These magnets 5 and windings 6 interact as described 
above to either drive rotor 4 motion or convert that rotor 4 
motion caused by other means into electrical power. Some air 
cooling passages 7 are shown near the outer rim 15 of the 
stator core 2. In any event, heat energy generated by losses 
in the core 2 and the windings 6 and teeth 14 must be 
conducted through the core 2 to these passages 7 and/or to 
indirect air cooling vents 8 on the outer peripheral 
surface/rim of the core 2. 

As indicated above the core 2 is made from materials 
which have been formulated for low iron losses (eddy currents 
and hysteresis) to minimize electrical eddy current losses in 

the CO r f 1 2 rjnf r\r-i*nnr)fnl c?t-ir--V> ^ _ _ ^ _ „• -| ^ u , ^ ^ 1 t 
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conductivity properties than is desired for radial heat 
conduction to the cooling surfaces. 

In the above circumstances, heat energy must be 
conducted radially outwards from zhe windings 6 through the 
teeth 14 and core 2 towards the cooling passages 7. However, 
their relatively low level of thermal conductivity means that 


there are significant transient and steady-state temperature 
differentials between the windings 6 and the outside diameter 
of the core 2. These differentials are detrimental to 
operational efficiency and/or may cause premature failure of 
electrical insulation within the electrical machine. 

The winding electrical insulation (typically polyester 
or polyimide) has limited temperature capability and it is 
the winding that always gets the hottest with consequent 
implications for the power rating of the electrical machine. 

In accordance with the present invention there is 
provided a stator core for an electrical machine, the stator 
core comprising high thermal conductivity components within a' 
low loss stator iron assembly, the high thermal conductivity 
components distributed and in a proportion relative to the 
low loss stator iron assembly whereby the stator core remains 
functional within an electrical machine whilst the high 
thermal conductivity components in use facilitate heat 
transfer from electro-magnetic windings within that machine. 

Normally, the low loss stator iron comprises low loss 
magnetic laminations with a typical lamination thickness of 
0.1 to 0.35mm. Typically, the appropriate material is a high 
resistivity silicon steel with each lamination insulated for 
eddy current inhibition with a suitable electrical insulating 
coating such as an organic or inorganic varnish or an oxide 
layer. 

Generally, the high' thermal conductivity components are 
laminations disposed at intervals within the low loss stator 
iron assembly. Alternatively, the high thermal conductivity 
components are coatings or films deposited or otherwise 
applied to the desired parts of the low loss stator iron 
assembly. Further alternatively, . the high " thermal 
conductivity components may be formed from an encapsulated 


10 


15 
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powder or granular tablet of appropriate material. 
Additionally, the high thermal conductivity components may be - 
an adhesive or resin or other matrix which is loaded wizh a 
high thermal conductivity material. 

Typically, the proportion of components of high thermal 
conductivity is in the range up to 30%. Possibly, high 
thermal conductivity components are copper or aluminium 
laminations with a thickness of 0.8 to 1.2mm disposed at 
intervals of 4 to 6mm within the stator core. 

Possibly, the components of high thermal conductivity 
have face surfaces to improve conduction transfer area with 
the low loss stator iron assembly. 

Possibly, there is a high thermal conductivity cement or 
other means between the high thermal conductivity components ' 
and the low loss stator iron to facilitate good thermal 
transfer between them. 

Possibly, outer ends of the high thermal conductivity 
components extend beyond the low loss stator iron assembly to 
facilitate in use greater heat transfer to a stator housing 
20 and/or cooling means for the stator core. Normally, these 
outer ends of respective adjacent high thermal conductivity 
components are staggered or offset relative to each other. 
Advantageously, the high thermal conductivity components are 
associated with circumferential bands for greater heat 
25 dissipation. 

PCSS blV i nnor Qnr)c- ^ -f 4- K ^ „U -«- v^~. _ l _ _j j_ _ ■ j_ 
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components extend marginally beyond "the stator core inwards 
towards the rotor to facilitate heat transfer to any air 
flowing in the airgap. 

Also in accordance with the present invention there is 
provided an electrical machine including a stator core as 
described above. 


30 


An embodiment of the present invention will now be 
described by way of example only with reference to figure 1 
along with figure 2 illustrating a longitudinal section .of a' 
stator ^core with its windings 6 and figure 3 illustrating tab 
projections to further improve heat transfer. 

As indicated in figure 1 the stator core 2 has windings 
6 in slots 19 which face inwards towards a rotor 4 which 
presents permanent magnets 5. Nevertheless, it will be 
appreciated that a rotor 4 could take the windings for 
electro-magnetic action and the stator have the permanent 
magnets or both could be provided with windings for 
electrical machine operation. The present invention in 
particular relates to means of' improving heat conduction from 
these windings 6 and more particularly through the. core teeth 
between these windings ^ 6 for greater temperature control. 
Figure 2 provides a cross-sectional view through the core 2 
in a direction perpendicular to the plane of the drawing in 
figure 1. 

The core 2 is formed as an assembly from a number of 
laminations 9 of low loss stator iron having high electrical 
resistivity and a lesser number of laminations 11 of high 
thermal conductivity material.. By implication the high 
thermal conductivity material will generally not be capable 
of providing magnetic action through the windings 6. The 
purpose of the high thermal conductivity laminations is to 
act as a means i~o i mnrnvp 'thormai mnHnr-f -; tt-j , ^ ^ ^ _ o 

whilst retaining the operability of the core 2 with respect 
to action -in an electrical machine. Thus, the - proportion of 
high thermal conductivity material will be in the range up to 
30% of the core 2. 

The high thermal conductivity laminations 11 are 
generally distinct components secured appropriately within a 


notional base body or an assembly of low loss stator iron 
also formed from laminations. Use of laminations 9, 11 allows 
accurate control of the specific location of the high thermal 
conductivity components 11 but other approaches may be taken 
as outlined later below. 

The high thermal conductivity laminations ii of the core 
2 are secured to the low loss stator iron laminations 9 to 
achieve good thermal conductivity between them. Typically, 
the magnetic laminations 9 may be stacked to form lamination 
packs of between 3mm and 6mm which are then sandwiched 
between high thermal conductivity laminations of 0.5 to 1.0mm 
thickness. Thus, good thermal conductivity may be achieved 
by simply ensuring clean surface to surface contact. 
Alternatively, a high thermal conductivity cement or similar 
means may be used to ensure good thermal contact and transfer 
between the low loss stator iron assembly of the core 2 and 
the high thermal conductivity components 11 of that core 2. 

Typically, the high conductivity components 11 are 
formed from copper or aluminium alloy or similar material. 

Copper may be plated on one side of the magnetic 
laminations. The magnetic lamination material 9 may be pre- 
coated with copper before the laminations are punched. Each 
lamination 9 will have an insulating layer on one or both 
sides above the copper plated surface. In such 

circumstances, it will be possible to use laminations made in 
accordance with previous procedure with a thickness typicallv 
of 0.3mm and then apply by plating a high thermal 
conductivity layer, e.g. copper at a thickness of 0.05mm and. 
an insulating coating with a thickness up to 0.01mm. As with 
other laminated stator systems it is necessary to ensure that 
inner edges between laminations do not include electrical 
conductivity bridges such a burrs between them. 


The present invention incorporates component laminations 
11 of high thermal conductivity- into an assembly of low loss 
stator iron formed from laminations 9 of an appropriate 
magnetic material. Thus, .the core 2 may comprise laminations 
9 of a magnetic steel such as low silicon-iron or cobalt-iron 
interspersed at regular intervals with laminations 11 of high 
thermal conductivity materials such as copper or aluminium. 
These high thermal conductivity laminations 11 in effect 
provide express heat conductor pathways directly to the 
outside diameter of the core 2. 

It will be understood that by introduction of the high 
thermal conductivity laminations 11 in the core 2 the 
magnetic flux densities in the stator ^core 2 are altered. A 
typical prior permanent magnet electrical machine envisaged 
by the present invention will have teeth and core magnetic 
flux densities respectively of 1.6 tesla and 1.4 tesla at 
normal full load. By the present invention, up to 20% of the 
active core 2 length may be formed by high thermal 
conductivity but non-magnetic laminations 11 which then 
provides teeth and core 2 magnetic flux densities of 
approximately 2 and 1.75 tesla. These densities are 
acceptable with magnetic materials such as silicon-iron 
laminations. 

In theory, a 20% introduction . of high thermal 
conductivity laminations 11 will generally increase the 
effective radial thermal conductivity to in the order of 
96W/mC, assuming laminations of copper with a thermal 
conductivity of around 380W/mC and a .base high resistivity 
assembly thermal conductivity of around 25W/mC. In such 
circumstances, a reduction in the temperature gradient 
between the 'teeth . and the core 2 in excess of 70% is 
possible. However, these values will be 'reduced in practice 
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due to thermal impedance axially between insulated 
laminations . 

With regard to the overall improvement in thermal 
gradients it will also be understood that the increased 
magnetic flux densities in the teeth and core 2 will cause 
greater iron losses and so necessitate transfer of additional 
heat energy. Furthermore, as indicated above, normally 

bundles of low loss stator iron laminations 9 will be formed 
and so there will be a temperature differential between 
central laminations in comparison with laminations in direct 
contact with the high thermal conductivity laminations 11. 
The close spacing between the high thermal conductivity 
laminations ensures that temperature differentials and 
thermal stresses in the stator are minimal. 

The laminations 9, 11 of the stator core, whether of low 
loss or high thermal conductivity will normally be punched 
and pressed with an identical or very similar geometry. 
However, where desirable, outer ends and/or inner ends of the 
high thermal conductivity laminations 11 may extend beyond 
the low loss laminations 9. 

The outer ends of the laminations 11 may extend into the 
core housing 3 to facilitate greater heat transfer to that 
housing 3 for heat energy dissipation. Thus, these outer ends 
will act as tabs which enter receptive apertures in the core 
housing 3. The tabs will be staggered or offset relative to 
each other for further improvement in heat transfer. 

Figure 3 illustrates a stator core 22 in which windings 
26 face towards a rotor (not shown) . Generally, the 

configuration depicted in figure 3 is similar to that 
depicted in figure 1 except thai: tab projections 30 extend 
outwardly into a housing 23. These tab projections 30 are 
staggered to improve air cooling as air passes over the tab 


30 surfaces. The tabs 30 project outwardly from the high 
thermal conductivity copper laminations 11 into cooling 
passages 31 in the housing 23. In such circumstances, there 
will be greater heat transfer to tHe cooling air " passing 
through the passages 31. 

The inner ends of the laminations 11 may extend slightly 
towards the rotating rotor 4. Thus, these inner ends will at 
least agitate air within the air gap between the stator core 
2 and the rotor 4 to facilitate cooling by inducing air 
turbulence . 

Further improvement in radial heat transfer from the 
stator core .may be achieved by using thick high conductivity 
laminations at the core ends. Such laminations will also 
reduce' the stray losses at the stator ends, as long as 
consideration is given to the required end lamination 
thickness. Use of thick copper laminations (or plates) for 
reducing stray loss at the end of the stator core is already 
established for much larger electrical machines. Typically, 
the end laminations will be made from an alloy such as 
copper-chrome with sufficient .strength to act as a clamping 
plate for the stator core. The thickness of the end 

laminations to minimise' axial stray flux and its associated 
stray loss depends on the operating frequency. 

As indicated above there are a number of alternatives to 
use of copper or aluminium or their alloys as the high 
thermal conductivity lamination components. Thus, a high- 
thermal conductivity vapour-grown carbon fibre or composite 
carbon fibre material such as copper or aluminium metal- 
matrix composites can be used. Electrically insulating but 
thermally conductive materials e.g. aluminium nitride may 
also be used. 
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It will be understood that thermal contact between the 
respective laminations 9, 11 is a prime determinant of stator 
core efficiency in accordance with the present invention. 
Thus, the respective surfaces are normally held in a clamped 
> relationship to maximise heat transfer by minimising any air 
gap. Thermally conductive cements can also be used as long 
as electrical insulation is maintained. 

As indicated above and shown in figure 1 the stator core 
2 is located within a stator housing 3. This housing 3 may 
incorporate a circumferential thermally conducting shell or 
layer between the core 2 and housing or at least segments for 
greater thermal dissipation about and through the housing 3. 
This circumferential band or segments may be a distinct 
component or applied to the core as a coating to the core 
outside diameter (OD) . In any event, the band or segments 
must be machined or otherwise shaped to a smooth surface for 
good thermal contact. 

Possibly, there will be no electrical insulation between 
the high thermal conductivity lamination components and the 
surface laminations of the low loss stator iron assembly. 
Thus, any constraining effect upon heat transfer caused by 
such electrical insulation will be reduced. 

Whilst endeavouring in the foregoing specification to 
draw attention to those features of the invention believed to 
be of particular importance it should be understood that the 

Applicant claims protest-ion in ^<^ Q ^+- 

feature or combination of features hereinbefore referred to 
and/or shown , in the drawings whether or not particular 
emphasis has been placed thereon. 


Claims 
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1. A stator core for an electrical machine, the stator core 
comprising high thermal conductivity components within a low 
5 loss stator iron assembly, the high thermal conductivity 
components distributed and in a proportion relative to the 
low loss stator iron assembly whereby the stator core remains 
functional within an electrical machine whilst . the high 
thermal conductivity components in use facilitate heat 
10 transfer and dissipation, from electro-magnetic windings 
within that machine. 

2. A core as claimed in claim 1, wherein the low loss 
stator iron assembly is formed by laminations of appropriate 
material . 

15 3 • A core as claimed in claim 2, wherein these laminations 
are in the range of 0.1 to 0.35mm thick. 

4. A core as claimed in claim 2 or claim 3, wherein the 
appropriate material is a high resistivity silicon steel with 
each lamination insulated for eddy current inhibition. 
20 5. A core as claimed in any preceding claim, wherein the 
high thermal conductivity components are laminations within 
the low loss stator iron assembly. 

6. A core as claimed in any of claims 1 to 4, wherein the 
high thermal conductivity components are coatings or films 

25 deposited or otherwise applied to the desired parts such as 
laminations of the low loss stator iron assembly. 

7. A core as claimed in any of claims 1 to 4, wherein the 
high thermal conductivity components are formed from a^n 
encapsulated powder or granular tablet of appropriate. 

30 material. 

8. A -core as claimed in any of claims 1 to 4, wherein the 
high thermal conductivity components are an adhesive or resin 
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or other matrix which is loaded with a high thermal 
conductivity material. 

9. A core as claimed in any preceding claim, wherein the 
proportion of components of high thermal conductivity is in 

> the range up to 30%. 

10. A core as claimed in any preceding claim, wherein the 
low loss stator iron assembly presents a repeated pack width 
in the range of 4 to 6mm of low loss stator iron either side 
of a width of high thermal conductivity component in the 
range of 0.S to 1.2mm. 

11. A core as claimed in any preceding claim, wherein the 
components of high thermal conductivity have a coating to 
improve heat conduction transfer area within the low loss 
stator iron assembly. 

12. A core as claimed in any preceding claim, wherein there 
is a high thermal conductivity cement or other means between 
the high thermal conductivity components and the low loss 
stator iron assembly to facilitate good thermal transfer 
between them. 

13. A core as claimed in preceding claim, wherein outer ends 
of the high thermal conductivity components extend beyond the 
body of the low loss stator iron assembly to facilitate in 
use greater heat transfer to a stator housing and/or cooling 
means for the stator core. 

14. A core as claimed in claim 13, wherein these outer ends 
of respective adjacent high conductivity components are tabs 
which are staggered or offset relative to each other between 
components . 

15. A core as claimed in claim 13 or claim 14, wherein a 
high thermal conductivity layer is provided for betrer 
thermal contact between the core and a housing for the core. 


16. A core as claimed in claim .15 wherein the high thermal 
conductivity layer is a coating on the outside of the core or 
on the inside of the housing or both. 

17. A core as claimed in any preceding claim, wherein inner 
ends of the high thermal conductivity components extend 
marginally beyond the" stator core in use towards a rotor to 
facilitate air agitation between them for cooling. 

18. A stator core substantially as hereinbefore described 
with reference to the accompanying drawings. 

19. An electrical machine including a stator core as claimed 
in any preceding claim. 

20. Any novel subject matter or combination including novel 
subject matter disclosed herein, whether or not within the 
scope of or relating to the same invention as any of the 
preceding claims. 


Abstract 


A Stator Core 

A stator core 2 comprises laminations (9) of low loss 
stator iron forming a body of magnetic nature and lamination 
components (11) of high thermal conductivity material 
regularly arranged within that body. The high thermal 
conductivity components (11) increasing the effective radial 
thermal conductivity race of the core 2 whereby temperature 
gradients are reduced in comparison with previous stator 
cores. Thus, there is a reduction in operational temperature 
of the electrical insulation on the stator windings. 


(Fig 2) 
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